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DEVICE IDENTIFICATION GENERATION IN a “ Device _ Id . ” For example , the Device _ Id may have a 
ELECTRONIC DEVICES TO ALLOW specified bit length in the protocol , such as five ( 5 ) bits , for 
EXTERNAL CONTROL OF DEVICE example . Identifying different Device _ Ids of the slave 

IDENTIFICATION FOR BUS devices 14 ( 1 ) - 14 ( 4 ) allows the master device 12 to allocate 
COMMUNICATIONS IDENTIFICATION , AND 5 different transmission time slots to each of the slave devices 

RELATED SYSTEMS AND METHODS 14 ( 1 ) - 14 ( 4 ) to avoid data collisions on the communications 
bus 16 . 

PRIORITY CLAIM A Device _ Id would be loaded into an electronic device by 
a manufacturer as a default device identification to be used 

The present application claims priority to U . S . Provisional 10 to identify the electronic device . For example , as shown in 
Patent Application Ser . No . 61 / 935 , 134 filed on Feb . 3 , FIG . 1 , a Device _ Id 26 ( 1 ) can be loaded into the master 
2014 , and entitled “ DEVICE IDENTIFICATION GEN - device 12 . Device _ Ids 28 ( 1 ) - 28 ( 4 ) can be loaded into the 
ERATION IN ELECTRONIC DEVICES TO ALLOW respective slave devices 14 ( 1 ) - 14 ( 4 ) . However , it is possible 
EXTERNAL CONTROL OF DEVICE IDENTIFICATION that the same Device _ Id 28 could be loaded into different 
FOR BUS COMMUNICATIONS IDENTIFICATION , 15 slave devices 14 ( 1 ) - 14 ( 4 ) . In this case , the slave devices 
AND RELATED SYSTEMS AND METHODS , ” which is 14 ( 1 ) - 14 ( 4 ) having the same Device _ Id 28 would be iden 
incorporated herein by reference in its entirety . tified by the master device 12 with the same Device Id 28 

The present application also claims priority to U . S . Pro causing data collisions on the communications bus 16 . One 
visional Patent Application Ser . No . 61 / 935 , 115 filed on Feb . way to ensure that each slave device 14 ( 1 ) - 14 ( 4 ) has a 
3 , 2014 , and entitled “ DEVICE IDENTIFICATION GEN - 20 unique Device _ Id 28 ( 1 ) - 28 ( 4 ) is to ensure that each slave 
ERATION IN ELECTRONIC DEVICES TO ALLOW device 14 ( 1 ) - 14 ( 4 ) is loaded with a unique Device _ Id during 
EXTERNAL CONTROL OF DEVICE IDENTIFICATION production . Multiple slave devices manufactured by the 
FOR BUS COMMUNICATIONS IDENTIFICATION , same manufacturer may have the same device identification . 
AND RELATED SYSTEMS AND METHODS , ” which is Providing unique Device _ Ids 28 would require a larger 
incorporated herein by reference in its entirety . 25 device identification storage facility , which may prohibi 

tively increase costs of an otherwise low - cost device . Fur 
BACKGROUND ther , even if the slave devices 14 ( 1 ) - 14 ( 4 ) are manufactured 

by different manufacturers , it may be difficult or not possible 
I . Field of the Disclosure to guarantee that each manufacturer will employ unique 
The technology of the disclosure relates generally to 30 device identification in their slave devices . 

electronic devices configured to communicate on a commu - It is therefore desirable to provide unique device identi 
nications bus , and more particularly to electronic devices fications for electronic devices provided in a communica 
configured to communicate their identification information tions system employing a common communications bus to 
over the communications bus as part of a defined commu allow unique identification of the slave electronic devices to 
nications protocol to avoid bus collisions . 35 avoid data collisions in a cost effective manner . 

II . Background 
Electronic devices , such as mobile phones and computer SUMMARY OF THE DISCLOSURE 

tablets as non - limiting examples , have proliferated through 
out society supporting a myriad of uses . These electronic Aspects disclosed in the detailed description include 
devices commonly include a microphone and speakers . 40 device identification generation in electronic devices to 
Common microphones and speakers used in electronic allow external control , such as selection or reprogramming , 
devices have analog interfaces , requiring dedicated two ( 2 ) of device identification for bus communications identifica 
port wiring to connect each device . However , electronic tion . Related systems and methods are also disclosed . In this 
devices are commonly starting to include multiple audio manner , device identifications of electronic devices coupled 
devices , such as multiple microphones and speakers . Thus , 45 to a common communications bus in a system can be 
it may be desired to allow for a microprocessor or other selected or reprogrammed to ensure the device identifica 
control device in such electronic devices to be able to tions are unique to avoid bus communications collisions . For 
communicate audio data to multiple audio devices over a example , in a bus communications system , a bus commu 
common communications bus . In this regard , it may also be nications protocol may require that electronic devices 
desired to provide a defined communications protocol for 50 coupled thereto be identified by a master electronic device 
transporting digital data relating to audio channels to dif - through the device identification . The device identification is 
ferent audio devices in an electronic device over the com - used to control allocation of different transmission time slots 
munications bus . to each of the slave devices to avoid data collisions on the 

In this regard , FIG . 1 is a block diagram of an exemplary communications bus . If two or more slave devices have the 
system 10 having one ( 1 ) master device 12 and four ( 4 ) slave 55 same device identification , the master device will allocate 
devices 14 ( 1 ) - 14 ( 4 ) communicatively coupled to a common the same transmission time slot for such slave devices , 
communications bus 16 as electronic devices . The master thereby causing bus communications collisions . 
device 12 communicates with the slave devices 14 ( 1 ) - 14 ( 4 ) In certain aspects disclosed herein , to select or reprogram 
over the communications bus 16 . Thus , in the system 10 , a the device identification in the electronic device , an external 
time division multiplexed ( TDM ) frame structure is used for 60 source is provided . As a non - limiting example , the electronic 
transport of bitrate media streams over the communications device whose device identification is selected or repro 
bus 16 to avoid data collisions . The master device 12 grammed may be a slave device in a system . The external 
allocates a transmission time slot to each of the slave devices source can be electrically coupled to the electronic device to 
14 ( 1 ) - 14 ( 4 ) for bus communications . Thus , the protocol close a circuit with a device identification generation circuit 
requires that each of the slave devices 14 ( 1 ) - 144 ) is con - 65 in the electronic device . The circuit closed by the external 
nected to the communications bus 16 be identified by the source provides a desired electrical characteristic ( e . g . , a 
master device 12 through a device identification , also called voltage , a resistance , a capacitance ) that is detectable by the 
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device identification generation circuit in the electronic plurality of slave devices comprises a data port and a clock 
device . The device identification generation circuit is con - port coupled to the communications bus , wherein at least 
figured to generate a device identification as a function of the one of the data port and the clock port also comprise a device 
detected electrical characteristics of the circuit closed by the identification port . The data port is coupled to the data line 
external source . This allows the external source to externally 5 of the communications bus , and the clock port is coupled to 
select or reprogram the device identification of the electronic the clock line of the communications bus . Each of the 
device to the desired device identification based on control plurality of slave devices also comprises a device identifi 
ling the electrical characteristic of the closed circuit . Thus , cation generation circuit coupled to the device identification entities other than the manufacturer of the electronic device port . The device identification generation circuit is config ( e . g . , an aggregator ) can control the external source to cause 10 ured to detect an electrical characteristic of a communica the device identification generation circuit within the elec tions bus signal received from the communications bus on tronic device to select or reprogram the device identification the device identification port . The device identification gen stored in its electronic device . In this manner , uniqueness of eration circuit is also configured to generate a device iden device identifications of slave devices coupled to a common 
communications bus in a system can be provided , if desired , 15 til tification based on the detected electrical characteristic . The 
to avoid bus communications collisions . device identification generation circuit is also configured to 

In this regard , in one aspect , an electronic device config store the generated device identification in a device identi 
ured to reprogram its device identification is provided . The fication memory . 
electronic device comprises a device identification port 
configured to be coupled to a communications bus . The 20 BRIEF DESCRIPTION OF THE FIGURES 
electronic device also comprises a device identification 
generation circuit coupled to the device identification port . FIG . 1 is a block diagram of a system as an exemplary 
The device identification generation circuit is configured to electronic device communications system with one ( 1 ) mas 
detect an electrical characteristic of a communications bus ter device and four ( 4 ) slave devices communicatively 
signal received from the communications bus on the device 25 coupled to a communications bus ; 
identification port . The device identification generation cir - FIG . 2A is a top perspective view of an exemplary 
cuit is also configured to generate a device identification electronic device as an electronic device that can be coupled 
based on the detected electrical characteristic . The device to a communications bus ; 
identification generation circuit is also configured to store FIG . 2B is a bottom perspective view of the exemplary 
the generated device identification in a device identification 30 electronic device in FIG . 2A showing an exemplary pin - out 
memory . configuration ; 

In another aspect , an electronic device configured to FIG . 3 is a schematic diagram of the electronic device of 
reprogram its device identification is provided . The elec - FIGS . 2A and 2B with a device identification generation 
tronic device comprises a device identification means con circuit configured to generate a device identification based 
figured for coupling to a communications bus . The elec - 35 on an external voltage source applied to an external pin of 
tronic device also comprises a device identification the electronic device , and program the new generated device 
generation means coupled to the device identification identification in the electronic device ; 
means . The device identification generation means com - FIG . 4A is a schematic diagram of the electronic device 
prises means for detecting an electrical characteristic of a of FIGS . 2A and 2B with a device identification generation 
communications bus signal received from the communica - 40 circuit configured to generate a device identification based 
tions bus on the device identification means . The device on a voltage level of an external , variable voltage source 
identification generation means also comprises means for applied to an external pin of the electronic device , and 
generating a device identification based on the detected program the generated device identification in the electronic 
electrical characteristic . The device identification generation device ; 
means also comprises means for storing the generated 45 FIG . 4B is a schematic diagram of an alternative elec 
device identification in a device identification memory . tronic device with a device identification generation circuit 

In another aspect , a method for an electronic device to configured to generate a new device identification based on 
reprogram its device identification is provided . The method a resistance of an external , variable resistor applied to an 
comprises detecting an electrical characteristic of a commu - external pin of the electronic device , and program the new 
nications bus signal received from a communications bus on 50 generated device identification in the electronic device ; 
a device identification port coupled to the communications FIG . 4C is a schematic diagram of an alternative elec 
bus . The method also comprises generating a device iden tronic device with a device identification generation circuit 
tification based on the detected electrical characteristic of configured to generate a new device identification based on 
the communications bus signal . The method also comprises a capacitance of an external , variable capacitor applied to an 
storing the generated device identification in a device iden - 55 external pin of the electronic device , and program the new 
tification memory . generated device identification in the electronic device ; 

In another aspect , a bus communications system for FIG . 4D is a schematic diagram of an alternative elec 
allowing a slave device coupled to a communications bus to tronic device with a device identification selection circuit 
reprogram its device identification is provided . The bus configured to select a device identification to be used to 
communications system comprises a communications bus 60 identify the electronic device based on an electrical charac 
comprised of a data line and a clock line . The bus commu - teristic applied to an external pin of the electronic device ; 
nications system also comprises a master device comprised FIG . 5 is a schematic diagram of an exemplary bus 
of a master data port and a master clock port , the master communications system that includes exemplary slave 
device coupled to the communications bus by the master devices , each having a device identification generation cir 
data port coupled to the data line and the master clock port 65 cuit configured to generate a new device identification based 
coupled to the clock line . The bus communications system on a voltage applied to existing CLOCK pins as a result of 
also comprises a plurality of slave devices . Each of the pull - up or pull - down resistors coupled to a common clock 
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line of a communications bus , and program the new gener used to control allocation of different transmission time slots 
ated device identification in the slave device ; to each of the slave devices to avoid data collisions on the 

FIG . 6 is a flowchart of an exemplary process of a slave communications bus . If two or more slave devices have the 
device coupled to the communications bus in FIG . 5 gen - same device identification , the master device will allocate 
erating a new device identification while the communica - 5 the same transmission time slot for such slave devices , 
tions bus is active ; thereby causing bus communications collisions . 

FIG . 7 is a schematic diagram of another exemplary bus In certain aspects disclosed herein , to select or reprogram 
communications system that includes exemplary slave the device identification in the electronic device , an external 
devices each having a device identification generation cir source is provided . As a non - limiting example , the electronic 
cuit configured to generate a new device identification based 10 device whose device identification is selected or repro 
on a voltage applied to existing DATA pins as a result of a grammed may be a slave device in a system . The external 
pull - up or pull - down resistors coupled to a common data source can be electrically coupled to the electronic device to 
line of a communications bus , and program the new gener close a circuit with a device identification generation circuit 
ated device identification in the device ; in the electronic device . The circuit closed by the external 

FIG . 8A is a schematic diagram of another exemplary bus 15 source provides a desired electrical characteristic ( e . g . , a 
communications system in FIG . 7 , but with switches pro - voltage , a resistance , a capacitance ) that is detectable by the 
vided to switchably couple a power rail to pull - up or device identification generation circuit in the electronic 
pull - down resistors coupled to the common data line of the device . The device identification generation circuit is con 
communications bus during device identification by a master figured to generate a device identification as a function of the 
device , and to decouple the power rail to the pull - up or 20 detected electrical characteristics of the circuit closed by the 
pull - down resistors coupled to the common data line of the external source . This allows the external source to externally 
communications bus after device identification to reduce select or reprogram the device identification of the electronic 
power consumption ; device to the desired identification based on controlling the 

FIG . 8B is a schematic diagram of another exemplary bus electrical characteristic of the closed circuit . Thus , entities 
communications system in FIG . 7 , but with switches pro - 25 other than the manufacturer of the electronic device ( e . g . , an 
vided to switchably couple the pull - up or pull - down resistors aggregator ) can control the external source to cause the 
to the common data line of the communications bus during device identification generation circuit within the electronic 
device identification by a master device , and to decouple the device to select or reprogram the device identification stored 
pull - up or pull - down resistors to the common data line of the in its electronic device . In this manner , uniqueness of device 
communications bus after device identification to reduce 30 identifications of slave devices coupled to a common com 
power consumption ; munications bus in a system can be provided , if desired , to 

FIG . 9 is a schematic diagram of an exemplary Sound - avoid bus communications collisions . 
wireTM bus communications system that includes exemplary In this regard , FIG . 2A is a top perspective view of an 
SoundwireTM audio slave devices , each having a device exemplary electronic device 30 in the form of a bus com 
identification generation circuit configured to generate a new 35 munications device , which is an audio electronic device in 
device identification based on a voltage applied to existing this example . The electronic device 30 is configured to 
CLOCK pins as a result of pull - up or pull - down resistors receive and communicate protocol - based messages . The 
coupled to a common clock line of a SoundwireTM commu - electronic device 30 may be provided as a slave device in a 
nications bus , and program the new generated device iden system having a communications bus . FIG . 2B is a bottom 
tification in the SoundwireTM audio slave device ; and 40 perspective view of the exemplary electronic device 30 in 

FIG . 10 is a flowchart of an exemplary process of a FIG . 2A showing an exemplary pin - out configuration . As 
SoundwireTM audio slave device coupled to the Sound - illustrated in FIG . 2B , the electronic device 30 includes 
wireTM communications bus in FIG . 9 generating a new external pins 32 that allow for electrical connections to be 
device identification while the SoundwireTM communica - made to the electronic device 30 . For example , an external 
tions bus is active . 45 power source ( not shown ) may be coupled to a power pin 34 

and a ground pin 36 to provide power to the electronic 
DETAILED DESCRIPTION device 30 for its operation . The electronic device 30 in FIG . 

2B also includes a DATA pin 38 as a data port and a CLOCK 
With reference now to the drawing figures , several exem - pin 40 as a clock port , each configured to be coupled to a 

plary aspects of the present disclosure are described . The 50 respective data line and clock line of a communications bus 
word " exemplary ” is used herein to mean “ serving as an to allow the electronic device 30 to receive audio data . For 
example , instance , or illustration . ” Any aspect described example , the DATA pin 38 and the CLOCK pin 40 of the 
herein as “ exemplary ” is not necessarily to be construed as electronic device 30 are configured to be coupled to a data 
preferred or advantageous over other aspects . line and a clock line of a communications bus , such as the 

Aspects disclosed in the detailed description include 55 communications bus 16 in FIG . 1 . Also , a conference pin 42 
device identification generation in electronic devices to may be provided in the electronic device 30 as a legacy pin 
allow external control , such as selection or reprogramming , to allow a connection to an external pull - up or pull - down 
of device identification for bus communications identifica - resistor ( not shown ) to configure the electronic device 30 to 
tion . Related systems and methods are also disclosed . In this be either a left or right microphone for stereo systems . The 
manner , device identifications of electronic devices coupled 60 audio data directed on a communications bus to the DATA 
to a common communications bus in a system can be pin 38 of the electronic device 30 will thus be the audio of 
selected or reprogrammed to ensure the device identifica - either a left or right audio channel , based on the value of the 
tions are unique to avoid bus communications collisions . For external pull - up or pull - down resistor connected to the 
example , in a bus communications system , a bus commu - conference pin 42 . 
nications protocol may require that electronic devices 65 With continuing reference to FIGS . 2A and 2B , it may be 
coupled thereto be identified by a master electronic device desired to allow for the electronic device 30 to be identified 
through the device identification . The device identification is when connected to a communications bus . In this regard , the 
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electronic device 30 includes an internal device identifica electronic device while being able to reprogram its device 
tion memory 44 , also referred to herein as a “ Device _ Id 44 . " identification using an external source is to couple the 
The Device _ Id 44 is a storage facility that is capable of external source to another existing pin of the audio device . 
storing an identification number or other indicia . For For example , an external source could be coupled to the 
example , the Device _ Id 44 may be comprised of a plurality 5 conference pin 42 of the electronic device 30 , wherein the 
of bits that are configured to provide a binary number as a conference pin 42 is repurposed as the device identification 
device identification . The electronic device 30 may also port , as illustrated in FIG . 2B . In this example , the confer 
contain multiple device identifications . However , it is pos - ence pin 42 provides a device identification pin . The con 
sible that the Device _ Id 44 could be loaded with the same ference pin 42 may be provided on the electronic device 30 
device identification as another electronic device coupled to 10 to be configured to be coupled to a pull - up or pull - down 
the same communications bus as the electronic device 30 . In resistor to be used as a device identification port to repro 
this case , as discussed above , the electronic device 30 gram a device identification in the electronic device 30 , 
having the same Device _ Id 44 as another electronic device instead of being used for its original purpose to detect either 
coupled to a communications bus would be identified with a left or right audio channel . 
the same device identification , thereby causing data colli - 15 In this regard , FIG . 4A illustrates another exemplary 
sions on the communications bus . One way to ensure that the electronic device 30 ( 1 ) . The electronic device 30 ( 1 ) is 
electronic device 30 has a unique Device _ Id 44 is to have the similar to the electronic device 30 in FIGS . 2A - 3 with 
ability to reprogram the default Device _ Id 44 with a unique common elements labeled with common numbers between 
device identification , if desired . FIGS . 2A - 3 and FIG . 4A . The electronic device 30 ( 1 ) in 

In this regard , as illustrated in FIGS . 2B and 3 , the 20 FIG . 4A includes a device identification generation circuit 
electronic device 30 is configured with an extra external pin 48 ( 1 ) to allow a Device _ Id 44 ( 1 ) of the electronic device 
46 to provide a device identification port to allow the 30 ( 1 ) to be reprogrammed . The device identification gen 
Device _ Id 44 to be reprogrammed . In this example , the extra eration circuit 48 ( 1 ) is configured to generate a new Devi 
external pin 46 is a device identification pin . As illustrated ce _ Id 44 ( 1 ) based on a variable voltage Vref applied by an 
in FIG . 3 , the Device _ Id 44 in the electronic device 30 in this 25 external source , which is an external variable voltage source 
example is one ( 1 ) binary bit in length as bit do . Thus , the 50 ( 1 ) in this example , to the existing conference pin 42 of 
electronic device 30 can be programmed with two ( 2 ) the electronic device 30 ( 1 ) . A circuit 52 ( 1 ) is formed by the 
different device identifications as the Device _ Id 44 ( i . e . , external source 50 ( 1 ) that allows the variable voltage Vref to 
21 = 2 ) . To allow the Device _ Id 44 of the electronic device 30 be detected by the device identification generation circuit 
to be reprogrammed , the electronic device 30 includes a 30 48 ( 1 ) in the electronic device 30 ( 1 ) . 
device identification generation circuit 48 . The device iden As illustrated in FIG . 4A , the Device _ Id 44 ( 1 ) in the 
tification generation circuit 48 is coupled to the extra exter electronic device 30 ( 1 ) in this example is a multi - bit device 
nal pin 46 . An external source 50 , which is an external identification memory comprised of five ( 5 ) binary bits in 
resistor 56 in this example , is connected to the extra external length as bits d4 - d0 . Thus , the electronic device 30 ( 1 ) can be 
pin 46 to form a circuit 52 with the device identification 35 programmed with thirty - two ( 32 ) different device identifi 
generation circuit 48 . The circuit 52 formed by the external cations as the Device _ Id 44 ( 1 ) ( i . e . , 2 = 32 ) . The device 
resistor 56 provides a desired resistance that is detectable by identification generation circuit 48 ( 1 ) includes an analog 
the device identification generation circuit 48 in the elec - to - digital converter ( ADC ) 54 that is configured to generate 
tronic device 30 . The device identification generation circuit a digital value based on the amplitude ( i . e . , voltage level ) of 
48 includes a buffer circuit 57 that is configured to generate 40 the variable voltage Vref . The variable voltage Vref is 
a digital value of ' 1 ' or ' O ' based on the resistance level of divided into different voltage ranges by the ADC 54 . In this 
the external resistor 56 . In this manner , the external source manner , the external source 50 ( 1 ) can externally program or 
50 can externally program or reprogram the Device _ Id 44 of reprogram the Device _ Id 44 ( 1 ) of the electronic device 
the electronic device 30 to the desired device identification 30 ( 1 ) to the desired device identification based on control 
based on the resistance of the external resistor 56 . Also , as 45 ling the voltage level of the variable voltage Vref . 
another example , the device identification generation circuit Thus , by using the external source 50 ( 1 ) , entities other 
48 could also be configured to reprogram a device identifi - than the manufacturer of the electronic device 30 ( 1 ) , such as 
cation in the electronic device 30 selected from a plurality of an aggregator , for example , can control the external source 
device identifications provided in the electronic device 30 . 50 ( 1 ) to cause the device identification generation circuit 

Thus , by using the external source 50 , entities other than 50 48 ( 1 ) within the electronic device 30 ( 1 ) to program or 
the manufacturer of the electronic device 30 , such as an reprogram the Device _ Id 44 ( 1 ) . In this manner , uniqueness 
aggregator for example , can control the external source 50 of the Device _ Id 44 ( 1 ) of the electronic device 30 ( 1 ) can be 
to cause the device identification generation circuit 48 controlled when employed in a system employing a common 
within the electronic device 30 to program or reprogram the communications bus that identifies the slave devices to 
Device _ Id 44 . In this manner , uniqueness of the Device _ Id 55 avoid bus communications collisions . 
44 of the electronic device 30 can be controlled when Note that circuits other than the ADC 54 may be provided 
employed in a system employing a common communica - in the electronic device 30 ( 1 ) in FIG . 4A to generate the 
tions bus that identifies the electronic device 30 to avoid bus Device _ Id 44 ( 1 ) based on the voltage level of the variable 
communications collisions . voltage Vref . Non - limiting examples include an operational 

In the electronic device 30 in FIG . 3 , the extra external pin 60 amplifier , an internal resistor , and an internal capacitor . 
46 is provided to couple the external source 50 to the device with continuing reference to FIG . 4A , the device identi 
identification generation circuit 48 . However , this solution fication generation circuit 48 ( 1 ) can be configured to repro 
requires that an external pin be provided on the electronic gram all or a subset of the bits d4 - d0 of the Device _ Id 44 ( 1 ) . 
device 30 . It may be undesirable to add an external pin to an For example , the ADC 54 in the device identification gen 
electronic device to allow for an external source to be able 65 eration circuit 48 ( 1 ) in the electronic device 30 ( 1 ) is shown 
to reprogram a device identification in the audio device . One as being coupled to bits d2 - d0 , as one example in FIG . 4A . 
technique to avoid adding an extra external pin to an Thus , the device identification generation circuit 48 ( 1 ) in 
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this scenario is configured to reprogram less than all of the capacitor 58 ( 1 ) to the conference pin 42 . The external source 
bits d4 - d0 of the Device _ Id 44 ( 1 ) . This may be advanta - 50 ( 3 ) is configured to apply either the power rail ( Vdd ) or 
geous , because it is not required to be able to reprogram all ground ( Vss ) to the external , variable capacitor 58 ( 1 ) . The 
of the bits of the Device _ Id 44 ( 1 ) to provide a unique device variable capacitance Cref of the external , variable capacitor 
identification for the electronic device 30 ( 1 ) . For example , a 5 58 ( 1 ) will form a circuit 52 ( 3 ) coupling the variable capaci 
standard could be followed , wherein bits d4 and d3 are tance Cref of the external , variable capacitor 58 ( 1 ) to the 
prefix values that can only be programmed with default device identification generation circuit 48 ( 3 ) . The device 
values by the manufacturer of the electronic device 30 ( 1 ) to identification generation circuit 48 ( 3 ) is configured to detect 
identify the type of electronic device 30 ( 1 ) . For example , as the variable capacitance Cref by measuring the charge time 
shown in table 59 , if bits d4 and d3 were programmed with 10 of the external , variable capacitor 58 ( 1 ) . The detected vari 
' 00 ' , this could be deemed to mean that the electronic device able capacitance Cref can be used by the ADC 54 of the 
30 ( 1 ) is a microphone . If bits d4 and d3 were programmed device identification generation circuit 48 ( 3 ) to generate a 
with ' 01 ' , as shown in table 59 , this could be deemed to digital value based on the variable capacitance Cref of the 
mean that the electronic device 30 ( 1 ) is a speaker . If bits d4 external , variable capacitor 58 ( 1 ) . 
and d3 were programmed with ' 10 ' , as shown in table 59 , 15 Note that in other examples of the electronic device 
this could be deemed to mean that the electronic device 30 ( 1 ) - 30 ( 3 ) in FIGS . 4A - 4C , the electronic device 30 could 
30 ( 1 ) is a codec . If bits d4 and d3 were programmed with be provided with an alternative device identification gen 
' 11 ' , as shown in table 59 , this could be deemed to mean that eration circuit 48 that is configured to generate the new 
the electronic device 30 ( 1 ) is another audio device . This may Device _ Id 44 based on another electrical characteristic other 
save costs in that the ADC 54 in this example can be a lower 20 than resistance , inductance , or capacitance . For example , the 
cost device capable of converting fewer analog values to electrical characteristic may be a frequency of an external 
digital values . signal applied by an external source 50 to a device identi 

FIG . 4B is a schematic diagram of another example of an fication generation circuit 48 of the electronic device 30 . For 
electronic device 30 ( 2 ) with a device identification genera - example , the external signal may be a communications bus 
tion circuit 48 ( 2 ) configured to generate a new Device _ Id 25 signal , including a data signal or clock signal , as discussed 
44 ( 1 ) based on a variable resistance Rref of an external , below . The device identification generation circuit 48 could 
variable resistor 56 ( 1 ) applied to the external conference pin be configured to measure the frequency of the external 
42 of the electronic device 30 ( 2 ) . The electronic device signal to be used by an ADC 54 to generate a digital value 
30 ( 2 ) is similar to the electronic devices 30 , 30 ( 1 ) in FIGS . based on such frequency . 
2A - 4A with common elements labeled with common num - 30 It may also be desired to allow an electronic device to 
bers between FIGS . 2A - 4A and FIG . 4B . In this example , select predefined device identifiers programmed into the 
instead of the external source 50 ( 1 ) in FIG . 4A applying the electronic device beforehand , such as by a manufacturer , as 
variable voltage Vref to the device identification generation the device identification for the electronic device . This 
circuit 48 ( 1 ) of the electronic device 30 ( 1 ) , an alternative feature could be provided in lieu or in addition to an 
external source 50 ( 2 ) is provided in FIG . 4B that is config - 35 electronic device being configured to allow its device iden 
ured to apply the variable resistance Rref of the external , tification to be reprogrammed , as provided in the electronic 
variable resistor 56 ( 1 ) to the conference pin 42 . The external devices 30 - 30 ( 3 ) described above . In this regard , FIG . 4D is 
source 50 ( 2 ) is configured to apply either a positive power a schematic diagram of an alternative electronic device 
rail ( Vdd ) or ground ( Vss ) to the external , variable resistor 30 ( 4 ) configured to select a device identification to be used 
56 ( 1 ) . The variable resistance Rref of the external , variable 40 to identify the electronic device 30 ( 4 ) based on an electrical 
resistor 56 ( 1 ) will form a circuit 52 ( 2 ) providing a voltage characteristic applied to the conference pin 42 as a device 
divider dividing the voltage across the external , variable identification pin provided as a device identification port . 
resistor 56 ( 1 ) and an internal resistor Rin in the electronic The manner in which an external source 50 ( 4 ) in FIG . 4D 
device 30 ( 2 ) to generate the variable voltage Vref . Similar to can generate an electrical characteristic that can be detected 
the electronic device 30 ( 1 ) in FIG . 4A , the ADC 54 of the 45 in a circuit 52 ( 4 ) can be the same as provided in any of the 
device identification generation circuit 48 ( 2 ) is configured to examples described above and therein , and thus will not be 
generate a digital value based on the amplitude ( i . e . , voltage re - described . 
level ) of the variable voltage Vref . The variable voltage Vref However , in the electronic device 30 ( 4 ) in FIG . 4D , a 
is divided into different voltage ranges by the ADC 54 . In device identification selection circuit 55 is provided as an 
this manner , the external source 50 ( 2 ) can externally pro - 50 alternative to a device identification generation circuit . The 
gram or reprogram the Device _ Id 44 ( 1 ) of the electronic device identification selection circuit 55 includes an ADC 54 
device 30 ( 2 ) to the desired device identification based on similar to the device identification generation circuits 48 - 48 
controlling the voltage level of the variable voltage Vref . ( 3 ) described above . The electrical characteristic generated 

FIG . 4C is a schematic diagram of another example of an by the external source 50 ( 4 ) on the conference pin 42 can be 
electronic device 30 ( 3 ) with a device identification genera - 55 detected by the device identification selection circuit 55 . The 
tion circuit 48 ( 3 ) configured to generate a new Device _ Id ADC 54 of the device identification selection circuit 55 is 
44 ( 1 ) based on a capacitance Cref of an external , variable configured to generate a digital value based on the electrical 
capacitor 58 ( 1 ) applied to the conference pin 42 of the characteristic detected by the device identification selection 
electronic device 30 ( 3 ) . The electronic device 30 ( 3 ) is circuit 55 . The ADC 54 may be a low cost ADC . A decoder 
similar to the electronic devices 30 , 30 ( 1 ) in FIGS . 2A - 4A 60 63 is provided in the device identification selection circuit 
with common elements labeled with common numbers 55 that is configured to receive and use the generated digital 
between FIGS . 2A - 4A and FIG . 4C . In this example , instead value by the ADC 54 to select one of a plurality of decoder 
of the external source 50 ( 2 ) in FIG . 4B applying the variable lines 61 to select one of a plurality of device identifiers 
voltage Vref to the device identification generation circuit Id3 - Ido , which each have pre - stored Device _ Ids 44 ( 2 ) - 44 
48 ( 2 ) of the electronic device 30 ( 2 ) , an alternative external 65 ( 5 ) . In one aspect , each of the Device _ Ids 44 ( 2 ) - 44 ( 5 ) is 
source 50 ( 3 ) is provided in FIG . 4C that is configured to unique relative to the others . Each of the device identifiers 
apply the variable capacitance Cref of the external , variable Id3 - 1d0 may be comprised of any number of bits desired . 
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The selected device identifier Id3 - 1d0 can be used as the generated as a result of toggling a control signal ( not shown ) 
device identification for the electronic device 30 ( 4 ) . In this as part of the communications bus 66 applied to the external 
example , since there are four ( 4 ) Device _ Ids 44 ( 2 ) - 44 ( 5 ) , resistors Rext ( 1 ) - Rext ( N ) . 
the decoder 63 is a 2 - 4 decoder , wherein the decoder 63 is It may be desired to allow the slave devices 62 ( 1 ) - 62 ( N ) 
configured to receive a two ( 2 ) bit digital value from the 5 in the bus communications system 60 ( 1 ) in FIG . 5 to 
ADC 54 . program or reprogram their respective device identifications 

Thus in summary , in the electronic device 30 ( 4 ) of FIG . while the communications bus 66 is actively routing bus 
4D , while the device identification is not reprogrammable in communications data from a master data pin 82 of the master 
this example , by providing the plurality of Device _ Ids device 64 . In this manner , the slave devices 62 ( 1 ) - 62 ( N ) that 
44 ( 2 ) - 44 ( 5 ) that are selectable , the device identification to be he 10 are not programming or reprogramming their device iden 
used by the electronic device 30 ( 4 ) to identify itself can be tification can continue to operate . For example , slave device 

62 ( N ) may be added to the communications bus 66 after chosen through the external source 50 ( 4 ) . An external source slave device 62 ( 1 ) is already coupled to the communications applied to an electronic device , such as the electronic bus 66 and actively receiving and exchanging communica 
devices 30 - 30 ( 4 ) described above , to cause a device iden vice iden - 15 tions data with the master device 64 over the communica tification therein to be reprogrammed or selected can also be tions bus 66 . 
provided by another electronic device that is coupled to a In this regard . FIG . 6 is a flowchart of an exemplary 
common communications bus with the electronic device to process 100 of the slave device 62 coupled to the commu 
be reprogrammed . nications bus 66 in FIG . 5 generating a new device identi 

In this regard , FIG . 5 is a schematic diagram of an 20 fication while the communications bus 66 is active in an 
exemplary bus communications system 60 ( 1 ) . The bus com ordered sequence . With reference to FIG . 6 , the slave device 
munications system 60 ( 1 ) includes exemplary slave devices 62 wakes up after being coupled to the communications bus 
62 ( 1 ) - 62 ( N ) and a master device 64 coupled to a commu - 66 ( block 102 ) . For example , a slave device 62 may wake up 
nications bus 66 , wherein ‘ N ’ signifies the number of slave after being powered on . The slave device 62 then listens to 
devices 62 . The master device 64 and / or the slave devices 25 bus activities on the communications bus 66 and identifies a 
62 ( 1 ) - 62 ( N ) may be provided in separate components or synchronization stream to synchronize to the communica 
located on the same electronics board , as non - limiting tions bus 66 ( block 104 ) . For example , the slave device 62 
examples . While the bus communications system 60 ( 1 ) in may listen to slave device status reports on the communi 
FIG . 5 is an exemplary system , the bus communications cations bus 66 . Also , the slave device 62 filters out expected 
system 601 ) may also be any other system that includes a 30 30 patterns from the communications bus signal 65 and mea 

sures an electrical characteristic ( s ) of the communications communications bus that calls for device identification of bus signal 65 to program or reprogram its device identifi slave devices coupled to the communications bus as part of cation ( Device _ Id ) , as previously described ( block 106 ) . For the protocol of the system . Each of the slave devices example , in the bus communications system 60 ( 1 ) in FIG . 5 , 62 ( 1 ) - 62 ( N ) has a device identification generation circuit cifcuil 35 the communications bus signal 65 is the communications 48 ( 1 ) - 48 ( N ) that can be like the device identification gen bus clock signal 67 . Thus , the slave device 62 measures an 
eration circuits described above . electrical characteristic ( s ) of the communications bus clock 

With continuing reference to FIG . 5 , the device identifi signal 67 in the example of FIG . 5 to program its device 
cation generation circuits 48 ( 1 ) - 48 ( N ) are configured to identification ( Device Id ) . 
generate a new Device _ Id ( not shown ) for their respective 40 With continuing reference to FIG . 6 , the slave device 62 
slave devices 62 ( 1 ) - 62 ( N ) based on variable voltages Vref may be configured to filter out expected patterns from the 
( 1 ) - Vref ( N ) applied to a communications bus signal 65 . In communications bus signal 65 and measure an electrical 
this example , the communications bus signal 65 used to characteristic ( s ) of the communications bus signal 65 in 
generate a new Device _ Id for the slave device 62 ( 1 ) - 62 ( N ) block 106 while the slave device 62 listens to the bus 
is a communications bus clock signal 67 . The communica - 45 activities on the communications bus 66 in block 104 in 
tions bus clock signal 67 is asserted on existing clock pins parallel operations to reduce bus communications readiness 
68 ( 1 ) - 68 ( N ) of the respective slave devices 62 ( 1 ) - 62 ( N ) as time . In this manner , when the slave device 62 is ready to 
a result of external pull - up or pull - down resistors Rext ( 1 ) communicate on the communications bus 66 , the slave 
Rext ( N ) coupled to a common clock line 70 of the commu - device 62 can report its presence on the communications bus 
nications bus 66 . The variable voltages Vref ( 1 ) - Vref ( N ) are 50 66 with its new device identification ( Device _ Id ) ( block 
generated as a result of a constant toggling rate of the 108 ) . The slave device 62 then participates in bus commu 
communications bus clock signal 67 applied to the clock line nications on the communications bus 66 using its new 
70 , which is coupled to the clock pins 68 ( 1 ) - 68 ( N ) and a programmed device identification ( block 110 ) . 
master clock port provided as master clock pin 72 . Alter - It may also be desired to allow a slave device 62 to 
nating current ( AC ) couples 74 ( 1 ) - 74 ( N ) are provided and 55 program or reprogram its device identification by measuring 
coupled on the clock line 70 to filter the AC component of an electrical characteristic ( s ) of a data signal as the com 
the communications bus clock signal 67 , so that the direct munications bus signal 65 . In this regard , FIG . 7 is a 
current ( DC ) component of the communications bus clock schematic diagram of another exemplary bus communica 
signal 67 is applied to the external resistors Rext ( 1 ) - Rext ( N ) tions system 60 ( 2 ) that includes the slave devices 62 ( 1 ) - 62 
to generate the unique variable voltages Vref ( 1 ) - Vref ( N ) . In 60 ( N ) and the master device 64 coupled to the communications 
this regard , the external resistors Rext ( 1 ) - Rext ( N ) can be bus 66 , as provided in FIG . 5 . ' N ' signifies the number of 
chosen to have unique resistance values that cause the slave devices 62 . However , the bus communications system 
variable voltages Vref ( 1 ) - Vref ( N ) to cause the ADCs within 60 ( 2 ) in FIG . 7 may also be any other system that includes 
the device identification generation circuits 48 ( 1 ) - 48 ( N ) to a communications bus that calls for device identification of 
generate different digital output values to generate unique 65 slave devices coupled to the communications bus as part of 
device identifications ( e . g . , Device _ Ids ) . Alternatively , as the protocol of the system . The device identification gen 
another example , variable voltages Vref ( 1 ) - Vref ( N ) could be eration circuits 48 ( 1 ) - 48 ( N ) are configured to generate a new 
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Device _ Id for their respective slave device 62 ( 1 ) - 62 ( N ) device 62 discovery process . Likewise , the switches SW ( 1 ) 
based on variable voltages Vref ( 1 ) - Vref ( N ) as applied to SW ( N ) can be controlled by the switch control line 84 
existing data pins 80 ( 1 ) - 80 ( N ) , respectively , as a result of the coupled to the master device 64 to be open to decouple the 
external pull - up or pull - down resistors Rext ( 1 ) - Rext ( N ) data pins 80 ( 1 ) - 80 ( N ) from the respective external resistors 
coupled to a common data line 76 of the communications 5 Rext ( 1 ) - Rext ( N ) , after the master device 64 has repro 
bus 66 . The variable voltages Vref ( 1 ) - Vref ( N ) are generated grammed the Device _ Ids of the slave devices 62 ( 1 ) - 62 ( N ) . 
as a result of a toggling of a communications bus data signal In this manner , when the Device Ids of the slave devices 
78 applied to the data line 76 , which is coupled to the data 62 ( 1 ) - 62 ( N ) are not being programmed , the external resis 
pins 80 ( 1 ) - 80 ( N ) and a master data port provided as the tors Rext ( 1 ) - Rext ( N ) are decoupled from Vdd or Vss so that 
master data pin 82 . Just as provided in the bus communi - 10 power is not dissipated by the external resistors Rext ( 1 ) 
cations system 60 ( 1 ) in FIG . 5 , the AC couples 74 ( 1 ) - 74 ( N ) Rext ( N ) , thereby conserving power . 
are provided and coupled on the data line 76 to filter any AC The process in FIG . 6 of the slave device 62 coupled to 
component of the communications bus data signal 78 , so that the communications bus 66 to generate a new device iden 
the DC component of the communications bus data signal 78 tification while the communications bus 66 is active , can 
is applied to the external resistors Rext ( 1 ) - Rext ( N ) to gen - 15 also be employed by the slave devices 62 ( 1 ) - 62 ( N ) in the 
erate the unique variable voltages Vref ( 1 ) - Vref ( N ) . In this bus communications system 60 ( 4 ) in FIG . 8B . 
regard , the external resistors Rext ( 1 ) - Rext ( N ) can be chosen Examples of providing device identification generation in 
to have unique resistance values that cause the variable electronic devices to allow external control , such as selec 
voltages Vref ( 1 ) - Vref ( N ) to cause the ADCs within the tion or reprogramming , of device identification for bus 
device identification generation circuits 48 ( 1 ) - 48 ( N ) to gen - 20 communications identification can be provided in different 
erate different digital output values to generate unique communications systems employing differing types of com 
Device _ Ids . munications buses . Other communications systems may also 

The process in FIG . 6 of the slave device 62 coupled to require electronic devices communicatively coupled to the 
the communications bus 66 to generate a new device iden - communications bus to have unique device identifications . 
tification while the communications bus 66 is active , can 25 In this regard , the MIPI® Alliance has recently announced 
also be employed by the slave devices 62 ( 1 ) - 62 ( N ) in the Sound WireTM as a communications protocol for transporting 
bus communications system 60 ( 2 ) in FIG . 7 . digital data relating to audio channels to different audio 

FIG . 8A is a schematic diagram of another exemplary bus devices within an electronic device . As used herein , the 
communications system 60 ( 3 ) similar to the bus communi - SoundWireTM specification is intended to mean at least the 
cations system 60 ( 2 ) in FIG . 7 . In the bus communications 30 SOUNDWIRE specification version 8 , revision 04 , pub 
system 60 ( 3 ) in FIG . 8A , switches SW ( 1 ) - SW ( N ) are pro lished 29 Oct . 2014 , which is herein incorporated by refer 
vided and disposed between the respective external resistors ence in its entirety . In SoundwireTM , One Sound WireTM 
Rext ( 1 ) - Rext ( N ) and Vdd or Vss to switchably couple either master interface allows a master electronic device ( “ master 
the Vdd or Vss power rail to the external resistors Rext ( 1 ) . device " ) , or monitor communicatively coupled thereto , to 
Rext ( N ) . The switches SW ( 1 ) - SW ( N ) can be controlled by 35 communicate over a common communications bus with one 
a switch control line 84 coupled to the master device 64 to or more slave electronic devices ( “ slave devices ” ) coupled 
be closed to couple the external resistors Rext ( 1 ) - Rext ( N ) to to Sound WireTM slave interfaces . The master device com 
Vdd or Vss , when it is desired by the master device 64 to municates with the slave devices using two ( 2 ) physical 
reprogram the Device _ Ids of the slave devices 62 ( 1 ) - 62 ( N ) . signals : a clock signal communicated over a common clock 
Likewise , the switches SW ( 1 ) - SW ( N ) can be controlled by 40 wire , and a data signal communicated over a common data 
the switch control line 84 coupled to the master device 64 to wire of a SoundwireTM communications bus . Thus , in a 
be open to decouple the external resistors Rext ( 1 ) - Rext ( N ) SoundwireTM system , a time division multiplexed ( TDM ) 
to Vdd or Vss , after the master device 64 has reprogrammed frame structure is used for transport of bitrate media streams 
the Device Ids of the slave devices 62 ( 1 ) - 62 ( N ) . In this over the common SoundwireTM communications bus to 
manner , when the Device _ Ids of the slave devices 62 ( 1 ) - 62 45 avoid data collisions . The master device allocates a trans 
( N ) are not being programmed , the external resistors Rext mission time slot to each of the slave devices for bus 
( 1 ) - Rext ( N ) are decoupled from Vdd or Vss so that power is communications . Thus , the SoundwireTM protocol may 
not dissipated by the external resistors Rext ( 1 ) - Rext ( N ) , require that each of the slave devices connected to the 
thereby conserving power . SoundwireTM communications bus be identified by the mas 

The process in FIG . 6 of the slave device 62 coupled to 50 ter device through a unique device identification . 
the communications bus 66 to generate a new device iden In this regard , FIG . 9 is a schematic diagram of an 
tification while the communications bus 66 is active , can exemplary SoundwireTM bus communications system 60 ( 5 ) . 
also be employed by the slave devices 62 ( 1 ) - 62 ( N ) in the The SoundwireTM bus communications system 60 ( 5 ) 
bus communications system 60 ( 3 ) in FIG . 8A . includes exemplary SoundwireTM audio slave devices 62S 

FIG . 8B is a schematic diagram of another exemplary bus 55 ( 1 ) - 62S ( N ) and a SoundwireTM master device 64S coupled 
communications system 60 ( 4 ) similar to the bus communi - to a SoundwireTM communications bus 66S , wherein ‘ N ’ 
cations system 60 ( 3 ) in FIG . 8A . However , the switches signifies the number of SoundwireTM audio slave devices 
SW ( 1 ) - SW ( N ) are provided and disposed between the data 62S ( 1 ) - 62S ( N ) . The SoundwireTM master device 64S and / or 
pins 80 ( 1 ) - 80 ( N ) and the respective external resistors Rext the SoundwireTM audio slave devices 62S ( 1 ) - 62S ( N ) may be 
( 1 ) - Rext ( N ) to switchably couple either the Vdd or Vss 60 provided in separate components or located on the same 
power rail to the external resistors Rext ( 1 ) - Rext ( N ) . The electronics board , as non - limiting examples . Each of the 
switches SW ( 1 ) - SW ( N ) can be controlled by the switch SoundwireTM audio slave devices 62S ( 1 ) - 62S ( N ) has a 
control line 84 coupled to the master device 64 to be closed device identification generation circuit 48S ( 1 ) - 48S ( N ) that 
to couple the data pins 80 ( 1 ) - 80 ( N ) to the respective external can be like the device identification generation circuits 
resistors Rext ( 1 ) - Rext ( N ) , when it is desired by the master 65 48 ( 1 ) - 48 ( N ) described above in FIG . 5 . 
device 64 to reprogram the Device _ Ids of the slave devices With continuing reference to FIG . 9 , the device identifi 
62 ( 1 ) - 62 ( N ) , such as during an initialization process or slave cation generation circuits 48S ( 1 ) - 48S ( N ) are configured to 
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generate a new Device _ Id ( not shown ) for their respective SoundwireTM communications bus signal 65S and measures 
SoundwireTM audio slave devices 62S ( 1 ) - 62S ( N ) based on an electrical characteristic ( s ) of the SoundwireTM commu 
variable voltages Vref ( 1 ) - Vref ( N ) applied to a SoundwireTM nications bus signal 65S to program or reprogram its device 
communications bus signal 65S . In this example , the Sound identification ( Device _ Id ) , as previously described ( block 
wireTM communications bus signal 65S used to generate a 5 126 ) . For example , in the SoundwireTM bus communications 
new Device _ Id for the SoundwireTM audio slave devices system 60 ( 5 ) in FIG . 10 , the SoundwireTM communications 
62S ( 1 ) - 62S ( N ) is a communications bus clock signal 67S . bus signal 65S is the communications bus clock signal 67S . 
The communications bus clock signal 67S is asserted on Thus , the SoundwireTM audio slave device 62S measures an existing clock pins 68S ( 1 ) - 68S ( N ) of the respective Sound electrical characteristic ( s ) of the communications bus clock wireTM audio slave devices 62S ( 1 ) - 62S ( N ) as a result of 10 signal 67S in the example of FIG . 9 to program its device external pull - up or pull - down resistors Rext ( 1 ) - Rext ( N ) identification ( Device _ Id ) . coupled to a common clock line 70S of the SoundwireTM 
communications bus 66S . The variable voltages Vref ( 1 ) With continuing reference to FIG . 10 , the SoundwireTM 

audio slave device 62S may be configured to filter out Vref ( N ) are generated as a result of a constant toggling rate 
of the communications bus clock signal 675 applied to the 15 expected patterns from the SoundwireTM communications 
clock line 70S , which is coupled to the clock pins 68S ( 1 ) bus signal 65S and measure an electrical characteristic ( s ) of 
68S ( N ) and a master clock port provided as master clock pin the Soundwirel communications bus signal 65S in block 
72S . AC couples 74 ( 1 ) - 74 ( N ) are provided and coupled on 116 while the SoundwireTM audio slave device 62S listens to 
the clock line 70S to filter the AC component of the the bus activities on the SoundwireTM communications bus 
communications bus clock signal 675 , so that the DC 20 66S in block 114 in parallel operations to reduce bus 
component of the communications bus clock signal 67S is communications readiness time . In this manner , when the 
applied to the external resistors Rext ( 1 ) - Rext ( N ) to generate SoundwireTM audio slave device 62S is ready to communi 
the unique variable voltages Vref ( 1 ) - Vref ( N ) . In this regard , cate on the SoundwireTM communications bus 66S , the 
the external resistors Rext ( 1 ) - Rext ( N ) can be chosen to have SoundwireTM audio slave device 62S can report its presence 
unique resistance values that cause the variable voltages 25 on the SoundwireTM communications bus 66S with its new 
Vref ( 1 ) - Vref ( N ) to cause the ADCs within the device iden device identification ( Device _ Id ) ( block 128 ) . The Sound 
tification generation circuits 48S ( 1 ) - 48S ( N ) to generate dif wireTM audio slave device 62S then participates in bus 
ferent digital output values to generate unique device iden - communications on the SoundwireTM communications bus 
tifications ( e . g . , Device _ Ids ) . Alternatively , as another 66S using its new programmed device identification ( block 
example , variable voltages Vref ( 1 ) - Vref ( N ) could be gener - 30 130 ) . 
ated as a result of toggling a control signal ( not shown ) as Audio electronic devices that include device identification 
part of the SoundwireTM communications bus 66S applied to generation circuits disclosed herein to allow external con 
the external resistors Rext ( 1 ) - Rext ( N ) . trol , such as selection or reprogramming , of device identi 

It may be desired to allow the SoundwireTM audio slave fication for bus communications identification may be pro 
devices 62S ( 1 ) - 62S ( N ) in the SoundwireTM bus communi - 35 vided in or integrated into any processor - based device . 
cations system 60 ( 5 ) in FIG . 9 to program or reprogram their Examples , without limitation , include a set top box , an 
respective device identifications while the SoundwireTM entertainment unit , a navigation device , a communications 
communications bus 66S is actively routing bus communi - device , a fixed location data unit , a mobile location data unit , 
cations data from a master data pin 82S of the SoundwireTM a mobile phone , a cellular phone , a computer , a portable 
master device 64S . In this manner , the SoundwireTM audio 40 computer , a desktop computer , a personal digital assistant 
slave devices 62S ( 1 ) - 62S ( N ) that are not programming or ( PDA ) , a monitor , a computer monitor , a television , a tuner , 
reprogramming their device identification can continue to a radio , a satellite radio , a music player , a digital music 
operate . For example , SoundwireTM audio slave device player , a portable music player , a digital video player , a 
62S ( N ) may be added to the SoundwireTM communications video player , a digital video disc ( DVD player , and a 
bus 66S after SoundwireTM audio slave device 62S ( 1 ) is 45 portable digital video player . 
already coupled to the SoundwireTM communications bus T hose of skill in the art will further appreciate that the 
66S and actively receiving and exchanging SoundwireTM various illustrative logical blocks , modules , circuits , and 
communications data with the SoundwireTM master device algorithms described in connection with the aspects dis 
64S over the SoundwireTM communications bus 66S . closed herein may be implemented as electronic hardware , 

In this regard , FIG . 10 is a flowchart of an exemplary 50 instructions stored in memory or in another computer 
process 120 of the SoundwireTM audio slave device 62S readable medium and executed by a processor or other 
coupled to the SoundwireTM communications bus 66S in processing device , or combinations of both . The master 
FIG . 9 generating a new device identification while the devices and slave devices described herein may be 
SoundwireTM communications bus 66S is active in an employed in any circuit , hardware component , integrated 
ordered sequence . With reference to FIG . 10 , the Sound - 55 circuit ( IC ) , or IC chip , as examples . Memory disclosed 
wireTM audio slave device 62S wakes up after being coupled herein may be any type and size of memory and may be 
to the SoundwireTM communications bus 66S ( block 122 ) . configured to store any type of information desired . To 
For example , a SoundwireTM audio slave device 62S may clearly illustrate this interchangeability , various illustrative 
wake up after being powered on . The SoundwireTM audio components , blocks , modules , circuits , and steps have been 
slave device 62S then listens to bus activities on the Sound - 60 described above generally in terms of their functionality . 
wireTM communications bus 66S and identifies a Sound How such functionality is implemented depends upon the 
wireTM synchronization stream to synchronize to the Sound particular application , design choices , and / or design con 
wireTM communications bus 66S ( block 124 ) . For example , straints imposed on the overall system . Skilled artisans may 
the SoundwireTM audio slave device 625 may listen to implement the described functionality in varying ways for 
SoundwireTM audio slave device status reports on the Sound - 65 each particular application , but such implementation deci 
wireTM communications bus 66S . Also , the SoundwireTM sions should not be interpreted as causing a departure from 
audio slave device 62S filters out expected patterns from the the scope of the present disclosure . 
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The various illustrative logical blocks , modules , and the communications bus comprised of a data line and a 
circuits described in connection with the aspects disclosed clock line ; 
herein may be implemented or performed with a processor , a master device comprised of a master data port and a 
a Digital Signal Processor ( DSP ) , an Application Specific master clock port , the master device coupled to the 
Integrated Circuit ( ASIC ) , a Field Programmable Gate Array 5 communications bus by the master data port coupled to 
( FPGA ) or other programmable logic device , discrete gate or the data line and the master clock port coupled to the 
transistor logic , discrete hardware components , or any com clock line ; 
bination thereof designed to perform the functions described the slave device comprising : 
herein . A processor may be a microprocessor , but in the a device identification port coupled to the communica 
alternative , the processor may be any conventional proces - 10 tions bus , the device identification port comprising 
sor , controller , microcontroller , or state machine . A proces one of a data pin and a clock pin , the data pin coupled 
sor may also be implemented as a combination of computing to the data line of the communications bus , and the 
devices , e . g . , a combination of a DSP and a microprocessor , clock pin coupled to the clock line of the commu 
a plurality of microprocessors , one or more microprocessors nications bus ; and 
in conjunction with a DSP core , or any other such configu - 15 a device identification generation circuit coupled to the 
ration . device identification port , the device identification 

The aspects disclosed herein may be embodied in hard generation circuit configured to : 
ware and in instructions that are stored in hardware , and may detect an electrical characteristic of a communica 
reside , for example , in Random Access Memory ( RAM ) , tions bus signal received from the communica 
flash memory , Read Only Memory ( ROM ) , Electrically 20 tions bus on the device identification port through 
Programmable ROM ( EPROM ) , Electrically Erasable Pro the one of the data pin and the clock pin ; 
grammable ROM ( EEPROM ) , registers , a hard disk , a generate a device identification based on the detected 
removable disk , a CD - ROM , or any other form of computer electrical characteristic selected from a plurality 
readable medium known in the art . An exemplary storage of device identifications provided in the slave 
medium is coupled to the processor such that the processor 25 device ; and 
can read information from , and write information to the store the generated device identification in a device 
storage medium . In the alternative , the storage medium may identification memory ; 
be integral to the processor . The processor and the storage an alternative current ( AC ) couple coupled to the device 
medium may reside in an ASIC . The ASIC may reside in a identification port ; 
remote station . In the alternative , the processor and the 30 an external resistor coupled to the device identification 
storage medium may reside as discrete components in a port ; 
remote station , base station , or server . a switch configured to switchably couple the external 

It is also noted that the operational steps described in any resistor to the device identification port ; and 
of the exemplary aspects herein are described to provide a switch control line configured to control an opening or 
examples and discussion . The operations described may be 35 c losing of the switch , 
performed in numerous different sequences other than the wherein the master device is configured to generate a 
illustrated sequences . Furthermore , operations described in a control signal on the switch control line to cause the 
single operational step may actually be performed in a switch to open or close to control coupling of the 
number of different steps . Additionally , one or more opera external resistor to the device identification port . 
tional steps discussed in the exemplary aspects may be 40 2 . The bus communications system of claim 1 , wherein 
combined . It is to be understood that the operational steps the device identification generation circuit is configured to 
illustrated in the flowchart diagrams may be subject to detect the electrical characteristic of the communications 
numerous different modifications as will be readily apparent bus signal comprised of a communications bus data signal 
to one of skill in the art . Those of skill in the art will also received from the communications bus on the device iden 
understand that information and signals may be represented 45 tification port . 
using any of a variety of different technologies and tech - 3 . The bus communications system of claim 1 , wherein 
niques . For example , data , instructions , commands , infor - the device identification generation circuit is configured to 
mation , signals , bits , symbols , and chips that may be refer - detect the electrical characteristic of the communications 
enced throughout the above description may be represented bus signal comprised of a voltage of the communications 
by voltages , currents , electromagnetic waves , magnetic 50 bus signal . 
fields or particles , optical fields or particles , or any combi - 4 . The bus communications system of claim 3 , wherein 
nation thereof . the voltage of the communications bus signal is a variable 

The previous description of the disclosure is provided to voltage . 
enable any person skilled in the art to make or use the 5 . The bus communications system of claim 1 , wherein 
disclosure . Various modifications to the disclosure will be 55 the device identification generation circuit is configured to 
readily apparent to those skilled in the art , and the generic detect the electrical characteristic of the communications 
principles defined herein may be applied to other variations bus signal comprised of a resistance of the external resistor . 
without departing from the spirit or scope of the disclosure . 6 . The bus communications system of claim 5 , wherein 
Thus , the disclosure is not intended to be limited to the the external resistor is a variable resistor . 
examples and designs described herein , but is to be accorded 60 7 . The bus communications system of claim 1 , wherein 
the widest scope consistent with the principles and novel the device identification generation circuit is configured to 
features disclosed herein . detect the electrical characteristic of the communications 

bus signal comprised of a capacitance of the communica 
What is claimed is : tions bus signal . 
1 . A bus communications system for allowing a slave 65 8 . The bus communications system of claim 1 , wherein 

device coupled to a communications bus to reprogram its the device identification generation circuit is configured to 
device identification , comprising : detect the electrical characteristic of the communications 
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bus signal comprised of a capacitance of an external capaci 17 . The bus communications system of claim 1 , wherein 
tor coupled to the device identification port . the switch is disposed between the slave device and the 

9 . The bus communications system of claim 8 , wherein external resistor . 
the external capacitor is a variable capacitor . 18 . The bus communications system of claim 1 configured 10 . The bus communications system of claim 1 , wherein 5 5 to identify a synchronization stream to synchronize the slave the device identification generation circuit is configured to device to the communications bus ; wherein the device detect the electrical characteristic of the communications 
bus signal comprised of a frequency of the communications identification generation circuit is configured to detect the 
bus signal . electrical characteristic of the communications bus signal 

11 . The bus communications system of claim 1 . wherein received from the communications bus on the device iden 
the device identification generation circuit comprises a buf - 10 tification port during identification of the synchronization 
fer circuit . stream . 

12 . The bus communications system of claim 1 , wherein 19 . The bus communications system of claim 1 , wherein 
the device identification generation circuit comprises an the master device comprises a SoundwireTM master device 
analog - to - digital converter ( ADC ) configured to convert an and the slave device comprises a SoundwireTM audio slave 
analog value of the detected electrical characteristic of the 15 device . 
communications bus signal into a digital value as the device 
identification . 20 . The bus communications system of claim 19 , wherein : 

13 . The bus communications system of claim 1 , wherein the communications bus comprises a SoundwireTM com 
the device identification memory is configured to store a munications bus ; and 
multi - bit device identification . the device identification generation circuit is configured to 

14 . The bus communications system of claim 13 , wherein detect the electrical characteristic of the communica the device identification generation circuit is configured to tions bus signal comprised of a SoundwireTM commu 
store a subset of bits of the multi - bit device identification in nications bus signal received from the SoundwireTM the device identification memory . communications bus on the device identification port . 

15 . The bus communications system of claim 1 , wherein 25 21 . The bus communications system of claim 1 , wherein the device identification generation circuit is configured to the device identification generation circuit is configured to detect the electrical characteristic of the communications 
bus signal received from the communications bus on the detect the electrical characteristic of the communications 

bus signal comprised of a communications bus clock signal device identification port from the master device . 
16 . The bus communications system of claim 1 , wherein 30 received from the communications bus on the device iden 

tification port . the external resistor is disposed between the slave device 
and the switch . 


